Load forecasting in power systems is an important subject and has been studied from different points of view in order to achieve better load forecasting results. This paper will address one of the challenges in spatial load forecasting area -urban re-development, and present a theory and methodology to incorporate urban re-development into spatial load forecasting considerations.
Introduction

Importance of Current Status of Distribution Spatial Load Forecasting
Load forecasting in power systems is an important subject and has been studied from different points of view in order to achieve better load forecasting results. Techmques such as regression analysis, expert systems, artificial neural networks and multi-objective evaluations have been used based on different choices of inputs and available information. Distribution system load forecasting has been a challenging problem due to its spatial diversity and sensitivities to land usage and customer habits. Different tools have been developed [ 1-31 to assist utilities to simulate and estimate the future land usage and load growth in their territory, so that distribution system planners can plan according to their goals and interests. Many factors need to be considered for this purpose. To name a few : 1. What type of land usage will be in their territory in the future? 2. What type of power consumption will be in their temtory ? 3. Should they build new feeders and substations or reinforce the existing ones? 4. Where should they plan the new lines and structures? Among different distribution load forecasting techniques, the one based on spatial distribution of land usage has yielded one of the best performances [4] .
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Utility companies generally take advantages of distribution system load forecasting techniques for the company's best interests, as in considering a piece of land that is speculated to be developed into a dense commercial site from a slump residential site. In this case, both the land and the power consumption of the land will increase significantly in a few years. A utility company with vision will acquire substation sites and right-of-ways which will allow substations to be built at a relatively low price and will place the substation close to the load center, in order to prepare for the future load growth as early as possible. The company can then eam high profits from the projected high power consumption.
Of course, the early land purchasing policy involves risk taking. For example, if the economy changes dynamics and the commercial site is to be relocated, then the utility will need to adjust its plan to reduce such risks. The proposed method also supports such "multi-scenario planning" [ 13.
On the other extreme, some conservative utility companies will only react to customers' requests to provide services. In these cases, utilities react (instead of proact) to ambient conditions and will install power distribution systems to their best interests, in addition to meeting the customers' needs. This approach will, in many cases, put the utilities in bad situations because they are only reactive, thus creating a time lag from the growth of the economy, and they will not only lose the opportunities for right-of-ways, but also lose financial advantages, such as land purchases for substation planning, in the competitive world. Let's again consider a land site that is expected to be re-developed from a run-down residential area to a high power consumption commercial site. The land price will skyrocket within the next few years. If the utility company waits too long to buy the land to build substations, the land price may be so high that the utility company will lose profits providing power services to that site. In addition, there are many disadvantages in the pure reactive mode. [7] . Yet they have not taken urban redevelopment into consideration. This paper will address one of the challenges in spatial load forecasting area -urban redevelopment, and present a theory and methodology to incorporate urban re-development into spatial load forecasting considerations.
Mathematical Formulation for Spatial Load
The overall spatial load forecasting problem and Forecasting computation can be represented as :
where fi maps different sites ( x , y ) to their land usage 4x,y) and f2 maps the land usage L to their power consumption S ' . In general, each land usage class has a corresponding load demand s&,,)--based on customersupplied daily and monthly load curves. The function f3 maps the aggregated load at all (x,y) sites together to form the system load S(t) :
where S ( t ) is calculated by different long-term trend load forecasting programs (assumed to be known) and t is the time index in appropriate units such as years.
Mathematically speaking, S E % ', S(x,y) L a n d exists an infinite number of solutions that can satisfy Eqn.
(2) and f-' cannot be uniquely determined.
However, there are Merent subjective and objective constraints that can reduce the solution space and provide: a better estimate of ,L(x,y) (thus f-'). We can furttier formulate the problem as : = fC1 o fF1 r 12 subject to constraints : zoning information proximity preference convolution preference urban pole preference load growth preference load class daily load curve load class monthly load curve ...
(4)
In general, even with user provided information, Ihe spatial load forecasting is still a highly nonlinear, stochastic, large scale, spatial and time dependent problem. One way to solve this type of problems is to use multi-objective decision evaluation and preference maps [7,8].
. 1 . Load Aggregation Decomposition
Spatial load forecasting relies on users' input such as land usage surveys and projections to predict future land usage, e.g., 30% residential, 40% commercial, 20% industrial, i d 10% vacant. This requirement can provide useful informatnon for finding fY1. Users also provide the land usage daily load curves and monthly load curves. The load curve peak value is used to predict the load projection for each land usage load.
This requirement provides useful information to find fi-'. 
Brief Description of Mathematical Formulation in Spatial Load Forecasting
Before discussing the urban re-development theory and methodology proposed in this paper, it is worthwhile to briefly review one of the techniques that is used in many spatial load forecasting programs : multi-objective decision evaluation [8].
Let N be the number of customer classes under consideration and J be the number of factors under consideration. Then :
where P is the Preference map, wnJ are the weighting factors, and 4 is the j-th factor feature map (after feature extraction).
I . Feature Extraction Process
In here, an example to create a location preference map is shown to illustrate the feature extraction process used in spatial load forecasting [7] . There are several stages in the feature extraction process. The first stage is the raw & I itself, as shown in Figure 2 .
Stage 1 : Raw Data
Assume the highway feature is j = 1, the residential class is n = 1, and the information in site (x, y) is r(x,y). If the highway passes through site (x,y), then r(x,y) = 1; otherwise r(x,y) = 0. We can denote this data collection process as 
Stage 2 :First-Order Feature Extraction
Let's define E as the operator to transform the raw data into the (Hamming) distance of the (x,y) location from the highway, which is a more meaningful piece of information used in a decision making process. Since only a one-step operation has been executed for this feature extraction process at this stage, we term this a jirst-order (one-step) feature extraction. Next, the information in each site (x,y) is denoted by F,(x,y), and the process is denoted by the mapping :
This mapping is based on more physical measurements and is termed objective mapping (versus subjective mapping, to be discussed in the next section) . 
Stage 3 : Second-Order Feature Extraction
In some cases, the data after the first order feature extraction process may still lack enough or suitable information for decision making. That is when the secondo d r (or two-step) feature extraction process is used. For example, in terms of land usage, people have their subjective preferences in tems of purchasing houses with respect to the distance from a major highway. This is a subjective mapping, which maps from features to preferences (another type of feature). On the average, the mapping of the customers' home site selection with respect to the distance from a highway is described by the curve shown in Let's define F, as the operator to transform F,(x,y) through thepreference mapping shown in Figure 4 to the preference value that can be used directly for decision making : In a loose way, we define F as a vector containing all 4 for j = 1, .., J, where J is number of preference functions used.
The preference map for land usage class n is then aggregated as a linear combination of the feature maps Fj with weight factors W,. The overall problem is formulated nonlinearly because of the F, and F2 operators involved.
Urban Re-Development Land Usage Problem Formulation
In this paper, we propose to use the concept of balance between land utilization U ( x , y ) (t) and land value V(x,y)(r)
at site ( x y ) and time t to predict future land usage. At site ( X J ) and time t, if V(x,y)(t) = U ( x , y ) ( t ) , e.g.
site (1,2) and site (2,3), then the land usage and land utilization is balanced. Everyone is happy and nothing needs to be changed. However, there could be a mismatch between V ( x . y N and U ( x , y ) ( t ) , e.g. site (1,3) . This situation could cause a potential urban re-development. Let's name the land utilization and land value relationship at site (x,y) and time r as the U-V relationship, represented as :
where E(x,y)(t) is the mismatch between the U-V relationship. We will use E ( x , y ) ( t ) as an indicator to estimate the possibility of urban re-development. Let's define q x , y y ) ( t )
as a threshold for urban re-development at site (x,y) at time t such that : if E ( x , y ) ( O > T ( x , y ) ( t ) at time t', then c(x,y) (t*) SC* 3 where C*is the set containing all sites (x,y) to be considend for changing state (or land usage). After appropriate calculation, c(,,~) (t will change its state at t = t" + AI *
where At* is the development time to change C(x,y)(t) from one class (state) to another class (state). A corresponding conceptual figure is shown in Fig. 7 . Here, we assume that all U , V, and T have the same units so we can compare them. The method to perform the mapping will be investigated in the future. 
Technical Considerations
Among the technical considerations that need to be investigated in the posted urban re-development problem are : All the estimates rely on different factors and information such as economy, geography, and current land usage patterns. In spatial load forecasting simulation, this task is left to users to determine how they input these values because they are the ones who know their environment most [9] .
Implications of E(x,yl ( t )
If E ( x , y ) ( t ) is negative or stays constant, then the utilization of the land is higher than its value. The land value will be regulated by the economy and will increase its value to balance the difference between the U and V.
Another scenario is that there is a negative land utilization growth (in here, we assume load growth is proportional to utilization of the land, ignoring factors such as the effects between power load growth and land utilization of energy efficient due to over-building or decay in that area.
Both cases will arrive to a stable equilibrium. Therefore, the overall system is stable as far as urban re-development is concerned and we do not need to consider these cases.
is positive, there are a few possible scenarios as shown in Table 1 . The 1', --, and & symbols in Table 1 denote increase, zero and decrease growth rate respectively .
In case 1, the increase rate of V is greater or equal to the increase rate of U, these are stable situations and do not need to be considered urban re-development.
If E(x,y) ( t ) When the increase rate of V is less than the increase rate of U , this is an unstable situation. One of the examples is that the location is over-built or over-developed. This situation will eventually lead to negative growth in the area The nature of economy will regulate this scenario. Therefore, from the urban re-development point of view, we do not need to consider this case either.
Cases (2) -(6) are all irrelevant to urban re-development either the land value and utilization value growth are stable, or the negative growth in utilization will regulate the situation.
Cases (7) -(9) will create unstable situations in term of land and utilization value growth and will need urban re development at some point in time.
Relationship between Land Usage, Load
Growth, and Distribution System Planning One of the concerns in urban re-development spatial load forecasting is to fist convert land usage to load growth, then to distribution planning. Distribution planning can be directly used by utilities. Much of the conversion mechanism is already available in different commercial spatial load forecasting software packages.
Let's denote S(x,y,(f) = p(X,y) ( t ) , Q ( x , y , ( t ) f -to be the (real and reactive) power consumption at site (x, y) at time t . We want to explicitly put S in the urban r e development formulation because S is the value that the utilities' T&D system must meet.
Let's revisit the land usage example used in Figure 6 and focus on the land development of the sites with the marked values. The land usage of the sites with non-zero values will keep the inputted values. The load curve will be forecasted based only on the initial settings (of course, unless the user manually overrides the land usage of the site).
For sites (1,2) and (2,3), the U-V relationship is balanced, therefore no action needs to be taken. For sites (2,4), (3,2), (3,3), (3,4), (4,2), and (4,3), the land utilization is higher than the land value. All the sites will experience negative utilization growth or the land values will increase to balance the unbalanced situation (Adam Smith, 18th century -The market is self-regulating). Sites (1,4),(2, I), and (4, 4) are the sites urban re-development needs to consider and are included in set C*.
Assume that the threshold for urban re-development to make a change in site state change is 2.5 (to avoid the ambiguity of the equal sign in E and T described previously)
for all sites at all times. Then only site (44) c C* will be investigated to determine the state that the site will change into. No action needs to be taken for sites (1,4) and (2,2).
However, if the threshold value is 1.5, then site (1,4) c C* and it will need to be considered too. At this moment, assume C* = {(4,4)) only.
Conclusion
This paper presents a theory and methodology to incorporate Urban Re-Development considerations into distribution spatial load forecasting. In the companion paper of this article [9] , we will demonstrate the urban re development methodology and theory on a distribution system, showing on how a new highway construction will affect the land usage in the surrounding areas, and the corresponding power system design.
